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Wind-Speed and Direction Indicator for 
Aircraft Tests 


A new portable wind-speed and direction indicator 
of high sensitivity has been developed by S. H. J. 
Womack and F. Cordero of the National Bureau of 
Standards with the cooperation of the Navy Bureau of 
Aeronautics. This instrument, particularly adapted to 
use in airplane take-off tests at landing fields, measures 
wind velocity by means of a propeller forced to head 
into the wind by a vane. Wind speed is registered on 
a magnetic tachometer coupled to the rotating propeller 
shaft, while wind direction is at the same time indicated 
on a circular scale by a pointer connected to the shaft 
of the vane. 

Accurate measurement of low wind velocities is nec- 
essary in take-off tests of aircraft, as design specifica- 
tions call for certain standards of performance at zero 
wind velocity. In practice, a wind speed of zero is 
seldom experienced. Hence, the usual procedure is to 
record wind velocity at the time of the test and correct 
the test results to zero wind speed. 

Until this wind-speed and direction indicator was 
developed, the measurement of low wind velocities at 
landing fields was hampered by the lack of a compact, 
portable, easily assembled wind-velocity gage of ade- 
quate sensitivity. Most of the devices available for 
measurement of wind speed were not well suited to use 
in take-off tests. Either their range was not sufficiently 
low, or they required heavy, elaborate equipment such 
as an amplifier or other electronic apparatus, batteries, 
or a power line out to the landing strip. Usually a 
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second instrument was necessary to indicate wind direc- 
tion. The portable assembly designed at the Bureau, 
on the other hand, is light and self-contained, requiring 
no power, either electrical or mechanical, except that 
taken from the wind for turning the vane and rotating 
the propeller. It records both direction and speed of 
the wind and is easily adjusted for different ranges of 
wind speed. In addition, it is automatically tempera- 
ture-compensated, and thus may be used outdoors in 
all weather. 

The instrument consists of four principal parts: an 
anemometer (or wind-speed meter), a wind-direction 
indicator, a tripod support, and a leveling device. The 
anemometer is rigidly attached to the direction indi- 
cator, and the two are mounted so that they rotate 
together on a vertical shaft supported by a tripod. 

A small wooden propeller coupled directly to a mag- 
netic tachometer constitutes the velocity indicator. The 
tachometer used for this application is a magnetic-drag 
instrument,’ in which the rotation of a small magnet 
within a conducting cup sets up eddy currents in the 
walls of the cup. The resulting torque upon the cup, 
due to the interaction of the induced currents and ihe 
field of the magnet, acts against a hairspring to move 
the pointers on the dial. The modification of the meter, 
other than alteration of the dial to read knots or miles 


1The indicator of a Kollsman Navy mark “V”’ electric tachometer was 


employed in the anemometers constructed at the National Bureau of Standards. 
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per hour, consists in the substitution of the propeller- 
driven shaft for the three-phase synchronous motor that 
rotates the magnet as the tachometer is ordinarily used. 

The meter as modified at the Bureau has a 2°4-inch 
dial with two pointers registering on separate scales. 
The long pointer makes 31% revolutions, one for every 
10 knots in the instrument, thus giving a range of 35 
knots on a scale graduated in tenths of a knot. The 
short pointer indicates the number of revolutions of the 
long pointer. 

The wind-direction indicator consists of a duralumin 
vane, a pointer, and a disk graduated in degrees. The 
pointer, extending parallel to the vane, turns with the 
vertical shaft to which it is connected and indicates 
direction. . 

The shoulder piece of a surveyor’s tripod with 5-foot 
legs is altered to receive a clamp with thumb screw for 
holding a vertical tube housing the rotating shaft of 
the vane. The height of the instrument can be adjusted 
between 514 and 7 feet above the ground. The wind- 
speed unit, however, may be detached from the vane 
and operated in the hand if desired. A cylindrical 
plumb bob hung from the vane shaft acts as a leveling 
device, and a woven strap joining the legs prevents 
excessive spread of the tripod on a smooth surface. 

Wind-tunnel performance tests with the new instru- 
ment have been quite satisfactory. When the air speed 
is increased slowly from zero, the vane, if initially 
displaced as little as 5 degrees from the equilibrium 
position, lines up with the wind direction before the 
propeller starts turning, and does not oscillate abnoy- 
mally at air speeds up to the full range of indication. 

The propeller rotates at a rate essentially propor- 
tional to the true air velocity, except at the very lowest 


Both sensitivity and accuracy are obtained with a new portable wind-speed and direction indicator (left; unassem- 
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bled, right) developed at the Bureau in cooperation with the Navy Department. The anemometer unit also operates 


satisfactorily when held in the hand (center). 


Wind velocity is registered directly on the tachometer dial and di- 


rection is indicated on the disk below the tachometer by a pointer that turns with the yane. 
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speeds, where a slight frictional drag reduces the rate 
of rotation. As friction is limited, for practical pur- 
poses, to the small amount present in the propeller 
shaft the anemometer is very sensitive. In the instru- 
ments assembled at the Bureau, wind-speed indications 
begin at about 11% knots, and, if the propeller is already 
rotating, they will continue down to about 1% knot. 
Greater sensitivity than that indicated by a pointer 
revolution every 10 knots is readily obtained, though 


hardly justified for most uses. Variation in the extent 
of the air gap between the magnet and the follower cup 
offers a very easy and convenient method for adjust- 
ment of both range and sensitivity, and if adjustment 
below the range obtainable at the closest coupling is 
desired, this is accomplished by the use of a propeller 
of suitable pitch angle. From —20° to 50° C, the effect 
of temperature on the wind-speed readings is negligible; 
at —50° C the error is about 1% knot. 


Statistical Method of Predicting Sunspots 


Aids Radio Propa 


The prediction of solar activity, which greatly affects 
radio communication and is evidenced by spots on the 
sun, has been advanced through the application of a 
new statistical method, by A. G. McNish and Virginia 
Lincoln of the National Bureau of Standards. The 
new technic, depending on available sunspot data for 
a number of previous ll-year cycles, has a sounder 
scientific basis than former methods of prediction. 
Moreover, it is expected to be applicable to a wide 
variety of cyclical phenomena, such as long-term 
weather variations and climatic changes. 

Accurate sunspot prediction became necessary at the 
Bureau in connection with its radio prediction service, 
which each month issues radio propagation predictions 
3 months in advance. This information enables radio 
engineers to calculate the best usable frequencies for 
communication between any two points in the world 
for any hour of the day. 

Long-distance radio transmission is made possible 
by the ionosphere, a series of layers in the atmosphere 
50 to 250 miles above the earth. Radio waves sent out 
near the earth’s surface travel in straight lines until 
they reach the ionosphere and are reflected back to the 
earth, just as light striking a mirror is reflected. This 
reflection of radio waves is due to the fact that the 
ionosphere is made electrically conducting as a result 
of the ionization of gas molecules in its layers by ultra- 
violet light from the sun. 

The ionosphere continually exhibits fluctuating char- 
acteristics due to changes in the amount of ultraviolet 
light from the sun, which varies greatly over an 11-year 
period. The number and activity of sunspots—dis- 
turbances in the outer layers of the sun indicating local 
variation of the sun’s temperature—serve as a measure 
of the relative intensity of radiation from the sun. 
When there is an increase in sunspots, the average elec- 
irification of the ionosphere increases, so that high 
frequencies that otherwise would pass through into 
space are reflected back to the earth. Thus, in order to 
predict radio propagation conditions, the long-time 
variation in solar activity must also be forecast. 

With the discovery of the close relationships existing 
between radio propagation and sunspot activity, the 
prediction of sunspot numbers assumed great practical 
importance. Methods of prediction have covered a 
broad range, including harmonic analysis, assumption 
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that cycles repeat after a number of years, and numer- 
ous empirical relationships between heights of maxima, 
rate of rise, and similar properties of the data. How- 
ever, the various formulas developed by these methods 
have led to widely different predictions. 

In the development of a satisfactory sunspot predic- 
tion formula at the Bureau, it was assumed that (1) in 
a time series exhibiting cyclical tendencies, a first ap- 
proximation to a future value is the mean of all past 
values for the same stage of the cycle, and (2) this 
approximation can be improved by adding to the mean 
a correction proportional to the departure of earlier 
values of the same cycle from their respective means. 
The second assumption is justified by the observed 
tendency in sunspot numbers for annual deviations 
from the mean to have the same sign and similar 
magnitudes in consecutive years. 

The basic information on sunspot numbers is ob- 
tained from the Ziirich (Switzerland) Observatory, 
which has maintained continuous records on all types 
of solar activity since 1849. These data are supple- 
mented by professional sources in the United States, 
such as the Naval Observatory. In addition, a group 
of amateur astronomers belonging to the American 
Association of Variable Star Observers submits infor- 
mation of great value in making monthly adjustments 
to the predictions. 

The sunspot number is obtained by counting the 
number of sunspot groups, multiplying by 10, and 
adding to the result the number of individual sunspots 
in each group. This statistical convention was adopted 
at the Ziirich Observatory in the middle of the nine- 
teenth century, and since that time has been standard 
all over the world. 


High Sunspot Number in May 


The highest monthly average sunspot number in 
over 100 years, and one of the highest of all time, oc- 
curred during May 1947. This abnormal burst of 
solar energy, accompanied by a series of ionospheric 
disturbances of all kinds throughout the world, may 
represent the peak of the current sunspot cycle, which 
is proving to be one of the highest. The high value 
in May was foreshadowed by the appearance of the 
three largest sunspot groups ever observed—in Feb- 
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Particularly large sunspot groups were observed in 
March (upper left; enlarged, below) and _ April 
(ower right) of this year, and the highest sunspot 
number in over 100 years occurred during May (upper 
right). (Photographs from U. S. Naval Observatory.) 


ruary 1946, in July 1946, and in March and April 1947. 
The group observed in February 1946 covered an area 
on the sun’s surface more than 100 times the area of 
the earth’s disk. At the lowest point of a cycle, a 
monthly sunspot number of zero or almost zero is not 
unusual. As recently as April 1944, only one sunspot, 
appearing for a single day, was observed for the entire 
month. 

The importance of sunspot prediction is shown by 
comparison of radio transmission in 1944 with that 
in 1947. In 1944 sunspots were at a minimum, the 
ionosphere was weakly ionized, and the higher fre- 
quency radio waves passed out into space without 
reflection. During the year, transmission across the 
North Atlantic was rarely possible for frequencies 
above 20 megacycles. For 1947, on the other hand, 
the extremely high annual sunspot number of 126 is 
predicted, and already transmissions using frequencies 
above 50 megacycles have been logged over this path. 

The National Bureau of Standards was for a num- 
ber of years the only Government agency engaged in 
systematic ionospheric research. As early as 1910, 
scientists at the Bureau had investigated the correlation 
of ionospheric changes with radio transmission and 
reception. After an aircraft disaster in the Euro- 
pean theater in 194] had shown the importance of 


radio propagation information in the success of mili- 
tary operations and the saving of lives, ionospheric 
investigations were intensified, and the Interservice 
Radio Propagation Laboratory was set up at the Bureau 
to provide the required information for the Army and 
Navy. At the close of the war, this activity was trans- 
ferred to the Bureau completely and given divisional 
status as the Central Radio Propagation Laboratory. 
By 1946, radio propagation predictions and other re- 
search results were made available to the interested 
public as well as the Armed Forces. These services are 
found to be as valuable to commercial radio interests 
as they have been to the Army and Navy. 


World-Wide Ionosphere Stations 


Daily “soundings” of the ionosphere are taken all 
over the world by an international network of 58 iono- 
sphere stations, 14 of which are operated or supported 
by the Bureau. These daily soundings measure the 
critical frequency (the limiting frequency for reflec- 
tions back to the earth), absorption of radio energy 
(an indication of the power required to transmit a 
given frequency over a particular distance), and the 
heights of the various layers (determined through the 
use of radar-like echo equipment). The sunspot pre- 
dictions are correlated with this information to provide 
the working data used at the Bureau in predicting radio 
propagation characteristics. 

Groups now using the service include airline com- 
panies, steamship lines and the merchant marine, 
television and radio schools, American and foreign 
universities, radio and telegraph companies, manu- 
facturers of communication equipment, consulting 
radio engineers, press wireless and telegraph services, 
radio magazines, broadcasting companies both here 
and overseas, industrial electrical firms, navigation 
instrument companies, research laboratories, electric 
power companies, and geophysical exploration organ- 
izations. 

In the Federal Government, the Army and Navy are, 
of course, the principal users, the service having been 
established originally for their needs. Other impor- 
tant users in the Government are the Weather Bureau, 
the State Department, the Federal Communications 
Commission, the Civil Aeronautics Administration, the 
Forest Service Radio Laboratory, the Coast Guard, 
and the Coast and Geodetic Survey. 


Effect of Cleaning Materials on Terrazzo 


Terrazzo, a flooring that consists of polished small 
marble chips set in cement, has gained wide use in the 
building industry for decorative floors. In the main- 
tenance of such floors, the terrazzo is cleaned frequently 
to preserve the color harmony. It is highly desirable, 
therefore, that the cleaning preparations have no ap- 
preciable injurious action lest the cumulative effect of 
repeated cleaning mar the surface. In order to de- 
termine the reaction of commonly used cleaning prep- 
arations on terrazzo, the Bureau has undertaken a 
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study of several of the active ingredients. Although 
the investigation has not yet been completed, some of 
the results are sufficiently conclusive to be reported. 
Commercial cleaning compounds usually consist of 
one or more soluble ingredients such as soda ash, tri- 
sodium phosphate, soap, or synthetic detergent, with 
abrasives often forming a large part of the mixture. 
It is well known that many salts, when carried into a 
porous material, may crystallize within the pores and 
cause disintegration. For this reason the action of 


soda ash and trisodium phosphate on terrazzo has 
been given particular attention in the investigation, 
which is under the direction of D. W. Kessler, of the 
Bureau’s Building Stone Section. 

For the experiments, disk-shaped specimens of ter- 
razzo were made from the usual mixture of one part 
portland cement and two parts marble chips and 
ground in the form of dishes with a specially con- 
structed jig. Seventy-six varieties of marble chips 
were used in order to obtain comparative data on the 
different products. After the specimens were carefully 
cured and aged for 6 months they were divided into 
identical groups for the simulated cleaning tests. 

The cleaning cycle consisted of applying a definite 
amount of the detergent solution to each specimen, 
rinsing after about 30 minutes, and drying. The 
strength of the soda ash solution was 34 oz to a gallon 
of water and that of the trisodium phosphate was 14 oz 
to the gallon. The amount of solution applied to each 
specimen (3 ml) was somewhat more than that used 
on similar areas in the normal cleaning process. The 
cycle of cleaning, rinsing, and drying was repeated until 
the specimens showed definite deterioration. 

In the group of specimens treated with the soda ash 
solution, the first failure resulted after 280 cycles and 
the last after 570. The action occurred mainly in the 
cement matrix, which is weaker and much more porous 
than the marble chips. Practically all of the specimens 
treated with soda ash had failed before the first failure 
occurred in the trisodium phosphate group. 

The specimens treated with trisodium phosphate, al- 
though showing a slower rate of deterioration, failed in 
the same manner as those treated with soda ash. The 
first effect noted was a partial sealing of the pores and 
crevices in the cement matrix. This was evidenced, 
after approximately 50 cycles, by a reduced absorption 
rate, which continued to decrease for about 100 cycles. 
Apparently a fine network of cracks had formed that 
filled with white material resembling the phosphate salt, 
though not readily soluble in water. There was evi- 
dence that this deposit produced a wedging action in 
cracks, causing them to grow longer. In some in- 
stances the wedging caused cracks to extend from the 
mortar into the marble chips. Similar cases have been 
noted in masonry structures where shrinkage cracks in 
the mortar become filled with calcium carbonate and 
finally extend into adjoining stones for a considerable 
distance. As soon as a crack in a stone starts, it be- 
comes filled with the same deposit as in the original 
crack, continuing the wedging action and extending the 
crack. However, this wedging action in terrazzo is 
probably not an important cause of deterioration be- 
cause the matrix breaks down before the marble chips 
are seriously affected. 

The first failure in the specimens treated with triso- 
dium phosphate occurred after 560 cycles and about 
half of the specimens have reached 860 cycles without 
showing serious effects. The lower rate of deteriora- 
tion for trisodium phosphate than for soda ash may be 
explained, in part, by the fact that trisodium phosphate 
was used in a more dilute solution. However, it seems 


Specially prepared terrazzo specimens (upper) were 
subjected to cycles of cleaning, rinsing, and drying in 
tests to determine the action of cleaning preparations. 
Failure occurred (lower) mainly in the cement matrix, 
which is weaker and more porous than the marble chips. 


probable that this salt has a less severe crystallizing 
action than soda ash. 

Although the greatest damage to the specimens oc- 
curred in the cement matrix, some of the marble aggre- 
gates showed scaling, spalling, or cracking. The mar- 
bles from which these aggregates were made varied 
greatly in texture, density, and impurities, and the 
colors ranged from white to black through various 
shades of red, yellow, green, and blue. When the 
surface of a colored aggregate scaled off or was spalled, 
the color value was practically lost. Some of the 
aggregates developed a network of fine cracks that 
caused marked disfigurement and defacement of the 
color. In general, the soda ash caused more damage 
to the aggregate than the trisodium phosphate, but a 
few aggregates appeared to have less resistance to the 
action of the latter. Also, the trisodium phosphate 
changed the color of black marble chips to murky gray. 
The Bureau’s investigation shows, therefore, that cer- 
tain marbles have low and others high resistance to the 
action of these detergents. 

The strengths of solutions used in the investigation 
were those commonly used in scrubbing floors, but 
more solution was used for each test cycle. Further- 
more, the specimens were dried in an oven at 105° C 
to give more favorable conditions for crystallization. 
Thus the tests were accelerated, and one test cycle 
should not be considered as the equivalent of one 
normal scrubbing of the floor. The test results for the 
different detergents should be considered as comparable 
to each other, but no definite relation can be drawn 
between the number of test cycles required to disin- 
tegrate the specimens and the amount of normal scrub- 
bing a terrazzo floor will withstand. 
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Transmissometer for Visibility Measurements 


An electronic instrument developed at the National 
Bureau of Standards for measuring atmospheric visi- 
bility promises to be an important addition to airport 
safety equipment. The new device, called a transmis- 
someter, was designed in the Bureau’s airport lighting 
laboratory to reduce the human factor in visual esti- 
mates of distance, particularly in foggy weather. The 
transmissometer not only provides an indication of 
visual ranges but also seems readily adaptable for 
another important phase of aviation, the control of 
high-intensity airport approach lights, as well as con- 
trol of fog dispersal equipment. 

Visibility of objects or lights depends on the trans- 
mission of light by the atmosphere. A correlation 
therefore exists between the transmissometer readings 
and the maximum distance at which markers or lights 


receiver actuates an electronic circuit whose output is an 
electric current that varies exactly as the amount of 
light received. 

A 6-volt sealed-reflector lamp constitutes the 
350,000-candlepower transmitter which differs from a 
“sealed-beam” headlight only in its cover and filament. 
The intensity of the light is closely controlled by a 
voltage-regulating transformer, and adjustments are 
made by means of a series rheostat. For a zero check 
the light is turned off automatically once an hour, and 
intermediate zero checks may be made by the operator. 

The receiver consists of a lens, a diaphragm, a photo- 
pulse unit and an amplifier. Light from the trans- 
mitter, focused by the lens on a “pinhole” in the dia- 
phragm, falls on the phototube receiver and generates 
pulses whose frequency is directly proportional to the 


Heavy fog has been cleared by high-pressure burners (FIDO) from the runway at the Landing Aids Experiment 


Station, on which a test plane is landing. 
in an extensive study of fog dispersal methods. 


can be seen by a trained observer. If the atmosphere 
is uniform, this distance can be determined directly 
from the readings, giving a more complete indication of 
visibility than general terms, such as foggy, hazy, and 
clear, which have been frequently used in describing 
atmospheric conditions. 

The transmissometer consists of a light transmitter, 
a phototube receiver, an amplifier, and an indicator. 
The distance between transmitter and receiver may be 
varied depending on the particular application; in 
tests, distances up to 4,000 feet have been used suc- 
cessfully. The amount of light reaching the receiver 
from the transmitter is determined by the fog density 
or other atmospheric conditions in a direct line between 
the two pieces of equipment. The light falling on the 
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Transmissometers developed at the Bureau are being used at this station 
(Photograph from Landing Aids Experiment Station.) 


intensity of light incident on the phototube. These 
pulses are amplified and transmitted over a signal line 
to the indicator. The frequency of these pulses may 
vary from 60 per second in clear weather to one in 20 
minutes in dense fog. ‘ 

The indicator consists of a two-stage amplifier, a 
frequency-measuring unit and a calibrator that provides 
a calibration frequency of 60 pulses per second. The 
two-stage amplifier sharpens and amplifies the incoming 
pulses and reduces the effects of noise picked up on the 
transmission line. The frequency meter levels and 
averages these pulses, and produces a meter reading 
that is directly proportional to the pulse frequency and 
thus to the light transmission of the atmosphere be- 
tween the light source and the receiver. 


RECEIVER LIGHT SOURCE 
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The transmissometer consists essentially of light transmitter, phototube receiver, indicator, and recorder (left). The 
indicator and recorder may be placed at some distance from the transmitter and receiver, as in a control tower that 


may be several miles from the installation. 


The transmitter (right) is a powerful 350,000-candlepower sealed- 


reflector, whose intensity is closely controlled by a voliage-regulating transformer. 


The indicator unit, which gives both a dial reading 
and a revolving drum record, can be placed as much 
as 2 or 3 miles from the receiver. This allows installa- 
tion of the indicator in the control tower and the use 
of more than one transmissometer to cover various 
parts of the airport, with all indications centrally 
observed. 

Investigations are now underway to determine 
exactly the scope and usefulness of the transmis- 
someter to aviation. Five units, installed at the Joint 
Landing Aids Experiment Station, Arcata, California. 
are being used in an extensive study of fog dispersal 


methods and high intensity approach lights. The in- 
struments have also been in use at the CAA Experi- 
mental Station, Indianapolis, Indiana; at the Naval Air 
Test Center of the Bureau of Aeronautics, for visibility 
and airport lighting equipment tests; and at the Tiffany 
Foundation (Long Island) under direction of the Na- 
tional Defense Research Council. 

A special use of the instrument was indicated during 
tests at Arcata when it was found that the transmis- 
someter began to give evidence of the approach of fog 
as much as 6 hours before any trace could be seen by 
the human eye. Similarly, it frequently gives indica- 


The amount of light from the transmitter that reaches the receiver of the transmissometer (above) is determined 
by fog density or other atmospheric conditions between the two pieces of equipment. The light, as it falls on the 
phototube, generates pulses that are amplified and transmitted to the indicator. 
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tions of the lifting of fog long before changes can be 
seen. 

At the present time the principal applications of the 
transmissometer to aviation are: (1) as a control for 
high-intensity lighting and fog dispersing equipment; 
(2) to supplement the periodic visual observations by 
a continuous record of atmospheric conditions; (3) to 
replace visual observations where trained observers or 
satisfactory marks, especially lights, are not available; 
(4) to provide a more accurate indication of visual 
ranges over a restricted area remote from the observer, 
particularly in an approach zone; (5) to record the 
variations and rate of change of conditions of visual 
range: and (6) to provide more accurate indications of 
the visual ranges when visibility becomes poor. 

In controlling high-intensity airport approach light- 
ing and fog dispersal equipment, a knowledge of the 
fog density in the region of the lights is required. In 
general, the determination of fog density from visual 
range observations when the visual range is less than 
14 mile is unsatisfactory because of the lack of a sufh- 
cient number of suitable marks, and because of the 
large changes in fog density corresponding to relatively 
small changes in visual range. On the economic side, 
because of the enormous cost involved in using high- 
intensity lights and fog dispersal equipment, the wattage 
and fuel used should never be more than absolutely 
necessary to do the job, and the transmissometer offers 
an accurate method for determining the optimum in- 
tensity for both these devices. 

The instrument may have special applications at night 
when lights for visual estimations do not exist or cannot 
be used because they build up a confused light pattern 
as seen by an observer. In addition, it may also prove 
useful at automatic weather stations in remote un- 
manned locations where a continuous record of atmos- 
pheric conditions is desired. 


Treatise on Cement Chemistry 


A comprehensive yet compact and readable survey of 
the fundamental theoretical conceptions and practical 
applications of cement chemistry is given in the new 
treatise, The Chemistry of Portland Cement, by Robert 
Herman Bogue, for the past 23 years research director 
of the Portland Cement Association’s fellowship at the 
Bureau. In this volume the history of cement, its chem- 
ical and physical structure, hydration, setting, physical 
properties, and applications are covered critically and 
exhaustively. The specific behavior of all the signifi- 
cant types of cement systems is discussed, and the chem- 
istry involved in the structural use of cement is treated 
at length. Consideration is also given to quality tests 
and composition control. Dr. Bogue has produced an 
authoritative standard of reference for cement chemists 
and technologists, cement manufacturers, construction 
engineers, and architects, as well as for those concerned 
with the physics of phase relations, thermodynamics, 
microscopy, crystallography, and related subjects. 

The 580 pages of the book, containing 30 chapters 


* Reinhold Publishing Corp., New York, N. Y., $10.00. 
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and three appendices, are divided into three parts. 
Part I, entitled “The Chemistry of Clinker Formation”, 
opens with a chapter on the history of the cement indus- 
try and then goes on to discuss high-temperature reac- 
tions in the dry state. Part II, “The Phase Equilibria 
of Clinker Components’”’, is a technical discussion of the 
principles and technics of high-temperature phase re- 
search, which should be of interest to the ceramist, glass 
technologist, soil chemist, and slag technologist, as well 
as the cement chemist. Part III, “The Chemistry of 
Cement Utilization”’, deals with the phenomena involved 
in hydration, hardening, and setting. Appendices 1 
and 2 are concerned with X-ray diffraction patterns of 
clinker components and cement hydration products; ap- 
pendix 3 provides equations for calculating the phase 
composition of clinker. 

Microscopic studies receive special emphasis, with 
the inclusion of many excellent photomicrographs and 
electron micrographs. The book is also liberally illus- 
trated with photographs, charts, and drawings. It con- 
tains both a subject and an author index, and a carefully 
selected list of references follows each chapter. 


Railway Track-Scale Testing 


Program Intensified 


The Bureau of Standards’ program for testing rail- 
way master track and commercial track scales, severely 
curtailed since 1943, is being restored to normal 
operating levels in new schedules drawn up for 
1947-48. 

Through agreement with the Association of Ameri- 
can Railroads, the Bureau is responsible for the cali- 
bration and adjustment of the 19 master track scales 
in the United States, which must show an accuracy of 
3.7 pounds per 30,000 pounds and 6 pounds per 80,000 
pounds. Important secondary and commercial scales 
on or near the routes between the master scales are 
also calibrated. The nation’s railroads weigh and 
adjust their standard test cars on the master track scales 
and then move these test cars to the more than 6,500 
commercial scales, which are in turn adjusted to these 
weights. 

A reconditioned Bureau test car that has been out of 
operation for 5 years has been put back into service, 
making the expansion of the program possible. Dur- 
ing the war, the one car that was kept in operation was 
used mainly for master-scale calibration. One of the 
cars will head into New England, a section which has 
not recently had the service. This area, which is not 
served by a master track scale, is therefore dependent 
on the Bureau to standardize its test-weight cars in the 
field by comparison with the Bureau’s standard weights 
on a selected commercial-type railway scale. Toward 
the latter part of September, the other car will move 
from the Clearing (Chicago, Ill.) master scale depot 
for a rapid tour of the western part of the country, the 
primary objectives being the calibration of the several 
railway- and state-owned master track scales located 
west of the Mississippi. 


The importance of accuracy and standardization in 
the weighing of railway cars was first brought to the 
attention of the Bureau of Standards in 1913 when a 
survey indicated extremely large deviations in indi- 
cated weight from one scale to another. Without 
means for bringing scales into agreement it was not 
unusual for a load of lumber, for example, which was 
weighed at 100,000 pounds on the west coast, to be 
“weighed in” at its destination at 80,000 pounds.  Dis- 
crepancies of these magnitudes required check-weighing 
all along the route, and often involved the suspicion of 
theft. 

Through Congressional appropriations for further 
surveys in 1913 and 1914, a single unit completed suih- 
cient tests over a wide enough area to obtain the first 
all-over picture of conditions then existing. It was 
found that errors in track scales ranged from 30 io 
21,600 pounds per 100,000, and that between 75 and & 
percent of the scales tested failed to come within the 
tolerance of 0.2 percent applied. These conditions 
were reported to the Association of American Railroads 
which, after circularizing all member roads, entered 
into agreements with the Bureau providing for sched- 
ules of tests for calibrating and adjusting railway 
scales. In the first few years of operation it is esti- 
mated that much more than the cost of the service was 
saved by the reduction of administrative costs incident 
to disputes over the departure-arrival weights of freight. 

In the 24 years since the service began, the number 
of scales meeting tolerance requirements has increased 
from 33 percent to 88 percent. Over this period of 
time a reduction in the mean errors of railway track 
scales from 0.63 to 0.16 percent, that is, from 504. 
pounds to 128 pounds in weighings up to 80,000 
pounds, has been noted. Essentially, the tolerance on 
a new or newly overhauled scale is now 0.05 percent, or 
1 pound on a ton; for commercial types, other than 
grain-weighing scales, the maintenance tolerance is 
0.2 percent or 4 pounds on a ton; the accuracy require- 
ment for grain-weighing scales is approximately one- 
half the tolerance applicable to other commercial-type 
railway scales. 


Research Fellowship on 
Waterproofed Paper 


A comprehensive investigation of waterproofed pa- 
pers—used for such purposes as packaging, curing of 
concrete, and moisture barriers in buildings—is being 
undertaken in the Bureau’s paper laboratory through a 
fellowship of the Waterproof Paper Manufacturers’ 
Association. A long-range research program, extend- 
ing over at least 3 years, has been jointly agreed upon. 
The services of a research associate are being provided 
by the association, with laboratory facilities and tech- 
nical assistance furnished by the Bureau. The papers 
to be studied comprise a wide variety of types of 
asphalted papers having high strength and resistance 
to permeation by water and water vapor. 
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The Bureau’s standard test-weight cars are moved over 
the Nation’s railways to test and calibrate railway master 
scales, as well as important secondary and commercial 
scales on or near the routes. Two of these cars 
are now in service in different parts of the country. 


The immediate project is development of a suitable 
accelerated aging test for predicting permanence of the 
papers. This phase of the work will include new or 
improved tests for measuring changes in properties of 
the papers when exposed to deteriorating influences. 
The aging treatment will consist of exposure to cycles 
of extreme moisture and temperature conditions to 
which the papers may be subjected in use. The methods 
for determining extent of deterioration comprise tests 
for changes in strength, dimensions, and permeability 
to water and water vapor, and for ply separation. 
Other projects will include relation of properties of 
asphalts to performance of the papers, means of reduc- 
ing the flammability of the papers, and odor and taste 
problems involved in food packaging. 


NBS Scientists 


Dr. E. U. Condon, Director of the Bureau, has been 
elected a fellow of the American Academy of Arts and 
Sciences, the oldest learned society in New England 
and the second oldest in the United States. It was es- 
tablished in Boston in 1780 to “cultivate every art and 
science which might tend to advance the interest, honor, 
dignity, and happiness of a free and independent peo- 
ple.” Election to the Academy is based on nomination 
by members and is in recognition of scholarship or 
professional eminence. Both John Adams and John 
Hancock were among its original members. 

Grote Reber, radio physicist and engineer, who 
has recently joined the staff of the Bureau’s radio propa- 
gation laboratory will direct several new projects cen- 
tered on the study of cosmic and solar radio noise. He 
is supervising erection of a German Giant Wurzburg, 
a large and powerful radar device, that will be used to 
detect solar and cosmic radiation that penetrate the 
earth’s atmosphere. 
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Three New Technical Divisions Established 


In a series of changes in the organizational structure 
of the National Bureau of Standards three new tech- 
nical divisions have been established: Applied Mathe- 
matics, Atomic Physics, and Building Technology. 
Since 1901 the Bureau has followed the classical lines 
of the physical sciences in its organization. ‘The rise 
of important new scientific activities in the past decade 
to the status of primary scientific divisions has made it 
desirable that some of the sections and activities at the 
Bureau of Standards be regrouped. The list of divi- 
sions and sections on the opposite page shows in detail 
the present organization. 


Applied Mathematics Division 


The new Division of Applied Mathematics is engaged 
in basic mathematical research and acts as a service 
organization, particularly in the fields of engineering 
statistics and quality control, for the Bureau, the Armed 
Forces, other governmental units, and private industry. 
Not only has applied mathematics become an integral 
part of all modern scientific research, but it is extremely 
important to the testing activities carried on for the 
Bureau of Federal Supply of the Treasury Department. 
The division is made up of four sections: Statistical 
Engineering, Computation Laboratory, Machine De- 
velopment, and Numerical Analysis. 

The Office of Naval Research has been instrumental 
in establishing much of this program. At present 
O. N. R. is supporting the numerical analysis and com- 
putation groups and has contracted for an electronic 
computing machine. 

The Statistical Engineering Section provides a gen- 
eral consulting service on the methods of modern sta- 
tistical inference as applied to engineering and the 
physical sciences. It also provides training in the 
theory of statistics and formulates requirements for 
statistical tables and other aids in using the technics. 
The Computation Laboratory, in which has been placed 
the Mathematical Tables Project, provides a general 
computing service of high quality and large capacity. 
The Machine Development Section is responsible for 
the design and construction of computing machines to 
meet the needs of various operating units. 

Plans have been completed for the establishment of 
the Institute of Numerical Analysis at the University of 
California at Los Angeles. One of the giant high-speed 
electronic computing machines, now under develop- 
ment by the Bureau, will be installed at the Institute. 

Because of their speed these machines can conceiv- 
ably revolutionize the field of applied mathematics by 
bringing within the reach of mathematicians, operations 
that up to now have remained in the realm of theory 
because of the man-years involved in getting explicit 
solutions of problems. Of particular importance, both 
to the physical sciences and to technical industries, is 
the fact that the Institute will be able to set up a mathe- 
matical counterpart of an actual situation, permitting 
the situation to be studied through relatively inexpen- 
sive calculating rather than costly experimentation. 
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Atomic Physics Division 


Research in the field of atomic physics has been a 
part of the Bureau’s work since 1913 when the first 
radium standards, prepared by Madame Curie, entered 
into the custody of the Bureau. During the 1920's 
other projects, such as those on gamma radiation, were 
undertaken, and the study of electronic phenomena be- 
came an important phase of work at the Bureau. Be- 
cause of its research activities, the Bureau was asked 
to initiate the atomic energy project shortly after word 
of the discovery of uranium fission reached this coun- 
try in 1939. The Bureau continues to conduct research 
in this field for the Atomic Energy Commission. 

Full realization of the possibilities inherent in the 
development of atomic energy, especially the use of the 
radioactive isotopes in almost every field of science, 
calls for a great deal of fundamental research. Wide 
gaps exist in present knowledge—for example, the na- 
ture of the forces within the nucleus of the atom. In 
the actual use of atomic energy for power a number of 
engineering difficulties, ranging from minor laboratory 
problems to rather large scale researches, call for in- 
vestigation. 

Contributions to these and similar problems by sci- 
entists at the Bureau of Standards can best be achieved 
within a division devoted wholly to atomic study and 
research. Investigations will shortly be extended in 
scope through the installation of a 50-million-volt beta- 
tron and by the construction of a mass spectrometer 
designed for precise determination of atomic masses. 


Building Technology 


This division is made up of a number of sections that 
have come to be largely engaged in various phases of 
building technology. The nucleus of the new division 
consists of five sections that are concerned mainly with 
the structural aspects of building construction and ma- 
terials. More important today than ever before because 
of the wide development of new materials and methods 
is a unified approach to problems of the construction 
industry. Work in the division will be so organized 
that groups will be engaged in simultaneous investiga- 
tions of the properties of materials, structural strength, 
fire resistance, heating and ventilating characteristics, 
durability, and structural surfacing materials. 

The forces and conditions to which buildings are sub- 
jected in everyday use will be studied, and individual 
materials and assemblies investigated to determine their 
separate characteristics and the most effective ways in 
which they may be combined in a finished structure. 

Besides the establishment of the three new technical 
divisions, the Commercial Standards and Simplified 
Practice Divisions have been merged to form a new 
Division of Commodity Standards. This division will 
also assume responsibility for the coordination of Bu- 
reau activity both with the Federal Specifications Board 
and with nongovernmental standardization groups. 


Organization of Scientific and Technical Divisions 


1. ELECTRICITY AND OPTICS 7.5 Testing and Specifications 
; 7.7 Organic Plastics 

1.1 Resistance Measurements 
1.2 Inductance and Capacitance 8. METALLURGY 
1.3 Electrical Instruments 
1.4 Magnetic Measurements 8.1 Optical Metallurgy 
1.5 Photometry and Colorimetry 8.2. Thermal Metallurgy 
1.6 Optical Instruments 8.3 Mechanical Metallurgy 
1.7 Photographic Technology 8.4 Chemical Metallurgy 
1.8 Electrochemistry 8.5 Experimental Foundry | 

8.6 Underground Corrosion 

2. METROLOGY 
9. MINERAL PRODUCTS 
2.1 Length 
2.2 Mass 9.1 Porcelain and Pottery 
2.3 Time 9.2 Glass 
2.4 Capacity and Density 9.3. Refractories 
2.5 Gas Measurement 9.4 Enameled Metals 
2.6 Thermal Expansion 9.5 Building Stone 
2.7 Dental Materials 9.6 Concreting Materials 
2.8 Scales 9.7 Constitution and Microstructure 
2.9 Limit Gages 9.8 Chemistry of Mineral Products 
3. HEAT AND POWER 10. BUILDING TECHNOLOGY 

3.1 Temperature Measurements 10.1 Structural Engineering 
3.2. Thermodynamics 10.2 Fire Protection 
3.3. Cryogenics 10.3. Heating and Air Conditioning 
3.4 Lubrication 10.4 Exterior and Interior Coverings 
3.5 Automotive 10.5 Codes and Specifications 
3.6 Aircraft Engines ; 


11. APPLIED MATHEMATICS 
4. ATOMIC PHYSICS 


11.1 Numerical Analysis 
4.1 Spectroscopy 11.2. Computation Laboratory 
4.2 Electronics 11.3 Statistical Engineering 
4.3 Mass Spectrometry 11.4 Machine Development 


4.4 Radioactivity 


4.5 X-rays 12. COMMODITY STANDARDS 
4.6 Atomic Physics 


12.1 Metal and Ceramic Products 


5. CHEMISTRY 12.2. Textiles and Apparel 
12.3. Mechanical Equipment 

Paint, Varnish, and Lacquer 12.4 Packaging 
Surface Chemistry 12.5 Chemical Products 
Organic Chemistry 
Analytical Chemistry 13. ORDNANCE DEVELOPMENT 
Reagents and Platinum Metals 
Electrodeposition 


13.1 Ordnance Tests and Evaluation 
13.2. Ordnance Research 

13.3 Ordnance Electronics 

13.4 Ordnance Mechanics 

13.5 Ordnance Engineering 

13.6 Engineering Electronics 

13.7 Guided Missiles 


Gas Chemistry 
Physical Chemistry 
Thermochemistry 

0 Spectrochemistry 

1 Uranium and Related Materials 
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6. MECHANICS 13.8 Guided Missile Electronics 
13.9 Electron Tube Laboratory 
6.1 Sound 13.10 Electronic Computers 
6.2. Mechanical Instruments 
6.3 Aerodynamics 14. CENTRAL RADIO PROPAGATION LABORATORY 


6.4 Engineering Mechanics 


6.5 Hydraulics 14.1 Basic lonospheric Research 


14.2. Basic Microwave Research 


7. ORGANIC AND FIBROUS MATERIALS 14.3. Regular Propagation Services 
14.4 Frequency Utilization Research 
7.1 Rubber 14.5 Experimental Ionospheric Research 
7.2 Textiles 14.7. Field Operations 
7.3 Paper 14.8 High Frequency Standards 
7.4 Leather 14.9 Microwave Standards 
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NBS Publications 


Periodicals * 


Journal of Research of the National Bureau of Standards, 
volume 39, number 2, August 1947. (RP1816 to RP1823, 
inclusive. ) 

Technical News Bulletin, volume 31, number 8, August 1947, 
10 cents. 

CRPL-D36. Basic Radio Propagation Predictions for November 
1947. Three months in advance. Issued August 1947, 15 


cents. 


Nonpertodical 
RESEARCH PAPERs °* 


RP1807. Solution of problem of producing uniform abrasion 
and its application to the testing of textiles. Herbert F. 
Schiefer. Price 10 cents. 

RP1808. Chromaticities of Lovibond glasses. Geraldine 
Walker Haupt and Florence Lesch Douglas. Price 10 cents. 

RP1809. Development of standards for analytical filter papers. 
Bourdon W. Scribner and William K. Wilson. Price 10 
cents. 

RP1810. An improved method for measurement of gel strength 
and data on starch gels. Walter J. Hamer. Price 10 cents. 
RP1811. Cold-starting abilities of various substitute motor fuels. 

Ronald E. Streets. Price 10 cents. 

RP1812. Heats of combustion ‘and isomerization of the eight 
CsHis alkyleyclohexanes. Walter H. Johnson, Edward J. 
Prosen and Frederick D. Rossini. Price 5 cents. 

RP1813. Resistance temperature relation and thermoelectric 
properties of uranium. Andrew I. Dahl and Milton S. Van 
Dusen. Price 10 cents. 

RP1814. Infrared absorption spectrum of carbon disulfide. 
Earle K. Plyler and Curtis J. Humphreys. Price 10 cents. 

RP1815. Influence of boron on some properties of experimental 
and commercial steels. Thomas G. Digges and Fred M. Rein- 
hart. Price 30 cents. 


COMMERCIAL STANDARDS ®* 


CS141-47. Sine bars, blocks, plates, and fixtures. 5 cents. 


LETTER CIRCULARS °” 


LC867. Wood and shingle stains. (Supersedes LC464.) 

LC868. Detergents and detergent aids. (Supersedes LC338.) 

LC869. Rubber: List of National Bureau of Standards publica- 
tions. (Supersedes LC707.) 

LC870. Sound absorption coefficients of the more common 
acoustic materials. (Supersedes LC714.) 

LC871, Bibliography of some recent research in the field of 
high polymers. 


LC872. Gas turbines and jet propulsion. (Supersedes LC832.) 


Articles by Bureau Staff Members in Outside 
Publications ° 


Developments in testing paper and paperboard 1945-46. B. W. 
Scribner. Paper Trade Journal (122 East 40th Street, 
New York 16, N. Y.) 125, No. 1, 33 (July 3, 1947). 

Measurement—too! of science and industry. Hugh L. Dryden. 
Surplus Record (20 North Wacker Drive, Chicago 6, Ill.) 24, 
No. 7, 26 (July 1947). 

Device for measuring height of polarographic waves. J. K. 
Taylor. Industrial and Engineering Chemistry, Analytical 
Edition (1155 16th Street, N. W., Washington 6, D. C.) 
19, No. 7, 478 (July 1947). 


° Send orders for publications under this heading only to the Superintendent 
of Documents, Government Printing Office, Washington 25, D. C. Annual 
subscription rates: Journal of Research, $4.50 (foreign $5.50); Technical 
News Bulletin, $1.00 (Foreign $1.35); Basic Radio Propagation Predictions, 
$1.50 (foreign $2.00). Single copy prices of publications are indicated in the 
lists. 

* Reprints from July Journal of Research. 

® Available on request from the National Bureau of Standards, Washington 
25, D. C. Letter Circulars are prepared to answer specific inquiries addressed 
to the Bureau, and are sent only on request to persons having a definite need 
for the information. The Bureau cannot undertake to supply lists or complete 
sets of Letter Circulars or send copies automatically as issued. 

®° These publications are not available from the Government. Requests 
should be sent direct to the publishers. 


Periodicals of the National Bureau of Standards 


The National Bureau of Standards is the principal 
agency of the Federal Government for fundamental 
research in physics, chemistry, and engineering. The 
scope of activity is indicated by the organizational cut- 
line appearing on the preceding page. Results of re- 
search, development, and test are reported in three 
monthly publications. 

The Technical News Bulletin presents concise reports 
on current work in NBS laboratories. Emphasis is 
placed on scientific results and their technologic sig- 
nificance. A complete bibliography of Bureau publica- 
tions during the preceding month is also given. 

The Journal of Research includes regular papers 
reporting research at the Bureau in the various fields 
of activity. The Journal is, in content and format, 
similar to the classical scientific periodicals. 

The Basic Radio Propagation Predictions enable the 
reader to calculate the best sky-wave operating frequen- 
cies over any path at any time for average conditions 
during the month of prediction. 
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Subscription Blank 


Superintendent of Documents 
Government Printing Office 
Washington 25, D. C. 

Enclosed please find $________ in check, money order, 
or Superintendent of Document’s coupons for a year’s 
subscription to the following periodicals of the National 
Bureau of Standards beginning with the current issue: 
aes! TecHnicaAL News BuLiLetiIn (Domestic: $1.00: 

foreign: $1.35) 
eee he JoURNAL OF ResearcH (Domestic: $4.50; foreign: 
$5.50) 


ele) Basic Raprio PropacatTion Prepictions (Domes- 
tic: $1.50; foreign: $2.00) 


Names Li 2a. 0) eee 2S ee ee 
Address:* 22). 232. 2a le 
City: sig sees) 2 eeu LONG Hee ee States ian ae 
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